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ABSTRACT
While there is extensive research on the effects of stress on pain perception, very
few studies have been conducted on how vary ing pain intensities affect stress levels.
This study was conducted to simulate this relationship by using carrageenan-induced
inflammatory nociception to quantify its effect on the stress measures of social separation
stress devocaJizations(dVocs) and body temperature in 6-7 day old domestic fowl
chicks. Nociception was induced 2 hours prior to the stress test, via intraplantar injection
of carrageenan at either 0 %,0.125%,0.25%, or 0.5%, and was measured directly after
the stress test by both foot withdrawal latency (sec) to a thermal stimulus and edema
scores(mL). The separation stress test employed two groups in either the isolated (high
stress) or non-isolated (low stress) condition. Dependent measures were latency to
vocalize (sec), total d Vocs over 180-sec, and a post-stress test body temperature measure.
Results from the stress test revealed that the non-isolated groups demonstrated longer
dVoc latencies and lower total dVocs at all carrageenan concentrations. Body
temperature measures yielded a stress-induced hyperthermic response that was attenuated
at the 0.125% carrageenan concentration in the isolated group. From the nociceptive
tests, it was found that mean foot w ithdrawal latency was significantly greater in the non
isolated 0% carrageenan group than all other groups, with no significant stress or
concentration effect in the other groups. Edema scores revealed significant inflammation

in the 0.25 % and 0.5 % carrageenan groups in both the isolated and non-isolated
condition. These results suggest that mild levels of pain tend to attenuate stress
responses, while greater amounts of pain may exacerbate these stress measures.
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INTRODUCTION
Pain and stress are phenomena in humans that can have significant physiological
and psychological effects on a person’s life. Both conditions have been well studied in
human and animal models with many different kinds of pain and stress. In addition, the
relationship between the two has been studied, with the bulk of research describing the
effects of stress on pain. On the contrary, there have been few studies that look at the
opposite relationship, how pain effects stress.
In looking at the effects of stress on pain, there has been a vast array of research
conducted in both human and animal studies. One area of research on this subject is the
well-documented phenomenon of stress-induced analgesia (SIA), where a stressprovoking stimulus facilitates a suppression of pain perception. This has been shown in a
wide range ofsituations in both human and animal studies. In one study, Girdler et al.
(2005)tested a group of women twice for pain sensitivity to a thermal stimulus, once
following a mental stressor, via the Trier social stress test, and once a following rest
control period with no stressor, counterbalancing the two. The Trier social stress test is a
stress test which reliably induces stress by forcing the subjects to prepare and give a
mock job speech, as well as complete a paced mental arithmetic task, both within a
limited time period. The results revealed that women reported a lower amount of thermal
pain unpleasantness after the Trier social stress test than after rest control, giv ing

supportive evidence to SIA. In another study Flor(1999)demonstrated conditioned SIA
by pairing a noxious stimulus with a green light for five days, and then measuring pain
tolerance at the end of the study on day six. The noxious stimulus in this study was a
task in which the subjects were told to solve mental arithmetic problems in a certain
amount of time, while wearing headphones playing disrupting white noise. In
comparing the experimental group who received a stressful stimulus and a green light, to
a control group, who received the green light alone, the experimental group showed a
significantly higher pain threshold and higher pain tolerance than the control group.
While the evidence supporting SIA in humans is extensive, there are also clinical
reports establishing that under stressful conditions pain perception is increased, whereas
in relaxed situations pain is less intense (Cornwall and Donderi 1988; Jones and
Zachariae 2002). A study conducted by Tang et al.(2005)examined the interactive
effects of trait anxiety on pain threshold and subjective pain intensity. Groups were
divided into high trait anxious individuals, who reported a greater disposition to
experience anxiety, and low trait anxious individuals, who reported a lesser disposition to
experience anxiety. Both groups then rated their anxiety level and subjective pain
intensity in response to noxious electrical experimental pain stimuli. While there was no
significant difference in pain threshold between groups, the high trait anxious
individuals reported significantly higher levels of anxiety and pain intensity than the low
trait anxious individuals across all pain and anxiety conditions, producing an additive
effect between trait anxiety and pain perception, which suggests a stress-induced
hyperalgesia-like response.

In animal studies looking at how stress affects pain perception, there is also a
large amount of research supporting SIA (Amit 1988, Takahashi 1991). Lee and Rodgers
(1990) demonstrated SIA in a rat model using the elevated-plus maze(EPM)to invoke
stress and the tail flick latency test to measure pain sensation. The EPM is an apparatus
commonly used to produce and measure stress in animals, made up of four elevated arms
situated perpendicular to one another and joined at the center, two of which are open and
two that are enclosed by walls on each side. Security is provided in the closed arms,
creating a less-stressed environment, while the less secure open arms have been shown to
increase stress levels. The tail flick latency test is a common measure of pain to a
thennal stimulus, with increasing pain due to heat causing a hyperalgesic response, given
by decreased latency to flick the tail. In Lee and Rodgers’ study they found that putting a
rat in the EPM for five minutes caused a significant increase in tail flick latency, which
suggests SIA. Similar results have been yielded in analogous studies with mice and
chicks(Rodgers and Randall 1987; Rodgers and Shephard 1989; Nunes-de-Souza et al.
2000; Watson et al. 1999), giving further support to the phenomena of SIA.
However, as in human research, there are also conflicting studies in animal
models in which stress produces hyperalgesia (Imbe 2006). In a study conducted by
Gamiero et al.(2006), the effects of acute and chronic stress on pain were studied in rats.
Stress was induced in the animals by restraining their movement in a tight enclosure,
cither for one hour per day for forty days, to stimulate the chronic stress condition, or Just
15, 30, or 60 minutes one time on the last day, to stimulate the acute stress condition.
,\fter the stress procedure, the rats were divided into three groups and either euthanized
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immediately to collect blood to measure hormone levels, subjected to the EPM to
measure stress levels, or submitted to the tempormandibular joint formalin test to
evaluate pain. The tempormandibular joint formalin test was administered by first
injecting the rats with the nociceptive stimulus formalin into their tempormandibular
joint to induce pain. Immediately after injection, tempormandibular joint pain was then
quantified for the next 30 minutes by the number ofseconds the rats rubbed their
orofacial region and by their number of head flinches(with one flinch denoted as

one

second), both of which are common behavioral measures oftempormandibular joint
nociception. The two measures were then summed (in seconds)to quantify pain
intensity, with the greater amount of time signifying a greater amount of pain. The
results revealed that the chronically stressed rats displayed more tempormandibular jomt
pain behavior compared with controls that underwent no restraint stress, suggesting
stress-induced hyperalgesia in the chronic stressed rats.
With these various findings in human and animal studies, it is important to
understand the neurophysiological mechanisms underlying the negative correlation
between stress and pain as seen with SIA, as well as the positive correlations seen in
some clinical reports and animal studies. It has been well-researched that SIA is an
endogenous opioid-mediated response, but it has also been shown to be non-opioidmediated in some instances such as by endocannabinoids and certain interleukins
(Nishith et al. 2002, Hohmann et al. 2006, Wolfet al. 2007). In addition, it has been
show n that the antinociceptive action of specific stressors by SIA can be reversed with
certain anxiolytics such as benzodiazepine agonists(Rodgers and Randall 1987; Rodgers
4

and Shepherd 1989; Nunes-de-Souza et al. 2000; Watson et al. 1999). As for stressinduced hyperalgesia, one explanation is a dysfuction ofthe h3^othalamo-pituitaiyadrenocortical axis and multiple neurotransmitters in the central nervous system,
including endogenous opioids and serotonergic and noradrenergic systems(Imbe 2006,
Gamiero et al. 2006). From these studies it is clear that anxiety and pain are much more
interrelated than previously thought; however, it is obvious that much more research
must be conducted to better understand why there is equivocal data stemming from
human and animal studies.
With the plethora ofstudies looking at the effects of stress on pain, it is surprising that
there is a paucity ofresearch looking at the opposite relationship: in how increasing
levels of pain effects stress levels. In a study conducted by Femandez-Guasti et al.
(2005), they looked at this relationship using a rat model by employing the PIFIR model,
the EPM,and the burying behavior test. First they induced pain by mjecting the
inflammatory agent uric acid into the knee joint ofthe hind leg, which they measured via
the PIFIR model(Lopez-Munoz et al. 1993). The PIFIR model entails attaching an
electrode to each ofa rat’s hind paws and then placing it on a rotating cylinder to force it
to walk. When the electrode touches the cylinder floor, it closes a circuit, eliciting a brief
shock to the rat. Pain is measured by the time it takes the rat to raise its paw and break
the circuit. After demonstrating the rats were experiencing pain, the researchers
measured stress levels by employing both the EPM and the burying behavior test. The
burying behavior test is another common stress test in which the animals are put into a
cage with an electrified prod emerging from one ofthe walls that gives an electric shock
5

when touched by the rat. As an instinctive response to this shock, the rat will begin to
cover the rod w ith sawdust in the cage. Buiying behavior is defined as the cumulative
amount oftime that the rat spends burying the prod in a 10-min period, with the greater
amount of burying time signifying increased stress. From their study Femandez-Guasti
et al. observed that the group receiving a low dose of uric acid spent an increased amount
of time in the open arms of the EPM,as well as decreased burying behavior, both of
which are indicative of a less-stressed state. These results suggest that mild pain was
acting as an anxiolytic. To support this notion, they also tested another group in which
they gave the anti-inflammatory drug acetylsalicylic acid. Not only did this drug
eliminate inflammatory pain, but it also decreased the amount oftime the rats spent in the
open arm of the EPM and yielded increased burying behavior, which in effect, shows a
reversal of the anxiolytic actions of mild pain.
These findings that being in pain causes less stress seems counterintuitive. Ifthis
relationship is true, it should generalize to other animal models using other kinds of pain
and stress tests. In this lab we have modeled both pain and stress-induced anxiety states
in domestic fowl chicks. Our pain model entails inducing an inflammatory pain into the
chick foot via an intraplantar injection of carrageenan, which can be measured by edema
and hyperalgesia, both of which are chaiucteristic of a pain state (Roach and Sufka 2003).
Further, to model an anxiety-like state, we have shown that socially raised chicks
separated from their conspecifics for a three-minute isolation stress test illicit increased
distress vocalizations(dVocs)compared with non-isolated chicks under the mirror
condition (Feltenstein et al. 2004, Wamick 2006).
6

In a pilot study in this laboratory, Vance(2006)sought to address this question of
the interesting relationship between pain and anxiety. First he injected chicks with either
a saline solution, to give the no-pain control group, or 0.25% carrageenan, to elicit the
pain condition. He then isolated both groups from their conspecifics and measured their
separation-stress levels via total dVocs in a 180-s test period. He observed that the
isolated chicks in-pain showed a decrease in total dVocs compared with the isolated no
pain group, suggesting pain served as an anxiolytic. While these findings are consistent
with the results obtained by Femandez-Guasti et al.(2005), an alternate explanation may
be that pain is not decreasing stress levels, but instead interfering with our behavioral
measures of stress. With this in mind, it may be necessary to quantify the effects of pam
on stress using other stress measures.
The present study attempts to clarify these results by taking further measurements to
determine if pain can reduce stress. The prediction is that dVocs, a behavioral measure
of anxiety, may not be the best measure to take in this case. It could be that pain and
stress together produce a competing response, which causes the dVoc attenuation. To
test this theory, we are going to use three different doses ofcarageenan to see if each
increase in concentration produces a graded decrease in dVocs. In addition, we will also
measure latency to vocalize in the stress test to measure the effect of pain on panic.
Finally, we are going to take a measure of body temperature, which is a less variable,
internal measure of anxiety, as supported in the large amount of research on stressinduced hyperthermia (Bouwtnechta 2006). This body temperature measure will show if
more pain is actually causing less anxiety and if our behavioral measure of dVocs is not
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the best when pain and anxiety are produced together.
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MATERIALS AND METHODS
Subjects
Cockerels (Callus gallus; strain W36; Cal-Maine Foods, Mendenhall, MS)were
obtained I-day post hatch and group housed in stainless steel cages(34 x 57 x 40 cm), 12
chicks per cage. Food (Purina Start & Grow)and water were available ad libitum
through 1 qt. gravity fed feeders and water bottles. Room temperature was sustained at
29 ± 1 C with a 12h daily light-dark cycle. Daily maintenance was conducted within the
first quarter of the light cycle, which consisted ofchanging and refilling the food and
water, putting new newspaper in the cage trays, and sweeping and mopping the floors.

Apparatuses
A six-unit test apparatus containing Plexiglas viewing chambers(25 x 25 x 25
cm)situated in sound-attenuating enclosures was used for the stress data collection. The
units were illuminated using 25 W light bulbs and ventilated by an 8-cm diameter rotaiy
fan(Model FP-108AXS1); Rodale, Great River, New York, USA). Miniature video
cameras(Model PC60XP; SuperCircuit, Liberty Hill, Texas, USA)mounted at floor level
in the corner of the enclosures and routed through a multiplexer(Model PC47MC;
SurperCircLiit) allowed for animal observation. The microphones [Model 3-675-001
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(modified); Lafayette Instruments, Lafayette, Indiana, USA]were mounted at the ceiling
of the Plexiglas chamber and connected to digital sound-activating relays(Model
630400A; Lafayette Instruments; settings: 60-75% sensitivity, 0.10-s delay)that
activated electromechanical counters(Model 58004; Lafayette Instruments). A white
noise generator(Model 15800; Lafayette Instruments) provided masking noise in the test
room.
To conduct the pain tests, paw withdrawal latency was measured using a plantar
analgesia meter(Model 390, IITC, Woodland Hills, CA). Six cubic Plexiglas chambers
(9 X 9 X 9 cm) were positioned atop a glass table in a horizontal arrangement. The
radiant heat source was calibrated before each test session by focusing the heat source on
a thennometer taped to the surface ofthe glass table. The pilot studies of Roach and
Sufka(2003)determined that a 44 C glass surface temperature produced a 10-s
withdrawal latency, the midpoint of a 20-s peak cutoff, in healthy 7-day old chicks. Foot
edema was measured with a volume meter(Ugo-Basile Plethysmometer, Model 57140,
Stoelting, Wood Dale, IL), using an 18-mm liquid filled cell(0.5% NaCl + 3 mL/L Basil
wetting compound). The plethysmometer was calibrated to a standard volumetric mass
(1 mL)prior to each test day.

Procedure
Experiments were conducted 6-7 days post hatch. The study entails a 2 x 4
factorial design with eight groups separated by the stress treatment condition (mirror
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[tAvo 20 X 20 cm] or no-mirror) and the carrageenan condition(0%,0.125%,0.25%, or
0.5% carrageenan). These concentrations were selected based on the findings of Roach
and Sufka (2003), who found that these increasing concentrations produced a graded
nociceptive response. Groups of chicks(n = 12) were injected intraplantarly with
specific carrageenan dose 120 min before the anxiety test so that pain and edema would
have maximum effect (Roach and Sufka 2003). The chicks were returned to their home
cages during the time interval in between carrageenan injection and anxiety test. Each of
the eight groups were tested over a two-day span, with six chicks tested on day 6 and six
on day 7.
During the separation stress test, groups of chicks were placed into the six
isolation chambers, one per chamber, either with a mirror(low stress) or no mirror (high
stress) condition for 180-s testing interval. The dependent measures obtained during the
test session were the latency to vocalize and the total distress vocalizations(dVocs).
Immediately after the 180-s testing interval, half ofthe animals were removed from their
chambers and had their body temperature recorded by inserting a digital thermometer
(BD Model 624928, Franklin Lakes, NJ)into the cloaca.
Directly after the separation stress test and body temperature test, the group(n =
6) underwent the nociception and edema tests. The dependent measure for the analgesia
test was foot withdrawal latency (in seconds)to a thermal stimulus. As defined by Roach
and Sufka (2003), foot withdrawal is a ballistic vertical movement away from the heat
source, which is readily distinguishable fi*om ambulation (i.e. slower, horizontal
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mo\ ement). Fdema was then measured with a plethysmometer, with volume
displacement measurements taken from both the right and left foot. Foot volume
difference was calculated by subtracting the non-inflamed foot edema score from the
carrageenan inflamed foot edema score. This served as the dependent measure.
All experiments were conducted in accordance with the International Association
for the Study of Pain ethical guidelines for investigations and experimental pain in
conscious animals(1983)and received approval by the University of Mississippi
International Animal Care and Use Committee(lACUC;Protocol No. 06-008).

Statistical Analyses
All data analyses were computed using Statview (v. 5.0.1). Descriptive statistics
were generated, and three-,two-, and one-way ANOVA were conducted, where
appropriate, for all dependent measures. Post-hoc analyses were performed using
Fisher’s PLSD tests using criterion of P<0.05. A three-way ANOVA was conducted on
all dependent measures in order to determine whether significant differences between the
test sessions were ev ident. These analyses failed to reveal a significant test session
effect, and, therefore data were collapsed across sessions for additional analyses.
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RESULTS

Stress Measures
Distress Vocalizations
Latency to distress vocalize is summarized in Figure la. Isolated chicks
displayed shorter latencies to distress vocalize than chicks tested under the social(mirror)
condition. Increasing concentrations ofcarrageenan did not alter this pattern ofeffects.
Consistent with these observations, a tw^o-way ANOVA revealed a significant main
effect for the Stress Manipulation, F(l,88)=25.67, p<0.0001. The main effect for
Carrageenan Concentration and the Stress Manipulation x Carrageenan Concentration
terms were not significant. No further analyses were conducted on these data.
Total distress vocalizations during the 180-s test session are summarized in
Figure 1 b. Isolated chicks displayed a greater number of distress vocalizations than
chicks tested under the social condition. Increasing concentrations ofcarrageenan did
not appear to affect this overall pattern of distress vocalizations. Consistent with these
observations, a two-way ANOVA revealed a significant main effect for the Stress
Manipulation, F(1,78) =81.63, p<0.0001. The main effect for Carrageenan
Concentration and the Stress Manipulation x Carrageenan Concentration terms were not
significant. No further analyses were conducted on these data.
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Body Temperature
Body temperature measures are summarized in Figure 2. In general, isolated
chicks had higher core body temperature than non-isolated chicks. Body temperatures in
non-isolated chicks were unafl'ected by carrageenan manipulation. However, in isolated
chicks, this hyperthermic response was attenuated at the lowest concentration of
carrageenan (0.125%), and was somewhat enhanced under the highest concentration
(0.5%). Consistent w ith these observations, a two-way ANOVA revealed a significant
main effect for the Stress Manipulation, F (1,40)=6.56, p<0.05, a significant main effect
for Carrageenan Concentration F(3,40)=3.66, p<0.05, and a significant Stress
Manipulation x Carrageenan Concentration interaction F(3,40)=3.97, p<0.05. Post-hoc
analysis for the two 0.0% carrageenan groups revealed that isolated chicks had
significantly higher core body temperature than non-isolated, t(10)= 3.31, p<0.01.
A one-way ANOVA on body temperature in the isolated chicks yielded a
significant main effect for Concentration F(3,20)=4.99, p<0.01. Post hoc analysis with
Fisher’s PLSD revealed that the 0.125% carrageenan group had significantly lower core
body temperatures than the 0.0% carrageenan group.

Inflammation Measures

Foot Withdrawal Latency
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Foot withdraw al latency measures are summarized in Figure 3a. Pain latencies
across all groups w ere signitlcanth lower compared to the non-isolated,0% carrageenan
group. C'onsistent with these observations, a two-way ANOVA revealed a significant
main effect for the Stress .Manipulation, F(l,82)=4.88, p<0.05, a significant main effect
for Carrageenan C'oncentration f'(3.82)=l6.17, p<0.001. and a significant Stress
Manipulation x Carrageenan Concentration interaction F(3,82)=5.44, p<0.005. Post-hoc
analysis for the two 0.0°0 ccarrageenan groups revealed that isolated chicks had
significantly lower foot w ithdrawal latency than non-isolated, t{16)= 3.21, p=0.005.
Simple effects analyses on foot withdrawal latency in the isolated chicks failed to yield a
significant main ef fect for Carrageenan Concentration. In contrast, a simple effects
analysis on foot w ithdrawal latency in the non-isolated chicks yielded a significant main
effect for Carrageenan Concentration F(3,38)=17.39, p<0.0001. Post hoc analysis with
Fisher’s PLSD revealed that all three carageenan concentrations of inflamed chicks had
significantly lower foot withdrawal latencies than non-inflammed groups(p<0.0001).

Edema
Edema measures are summarized in Figure 3b. In general, carrageenan produced
a concentration-dependent, robust inflammatory response that was independent ofthe
stress manipulation. Consistent with these observations, a two-way ANOVA revealed a
significant main effect for the Carrageenan Concentration,(3,82)F=10.14, p<0.0001.
The main effect for Stress Manipulation and the Stress Manipulation x
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Carrageenan Concentration terms were not significant. Mean edema values were
significantly higher at the 0.25'^b and 0.5% carrageenan concentrations than the control
(0%)group under both non-isolaled and isolated treatment conditions(p<0.05). No
further analyses were conducted on these data.

(

16

DISCUSSION
The purpose of this study was to gain a better understanding ofthe effects ofpain
on stress levels. Though there is a large amount ofresearch on how stress effects pain
sensation, ver> few studies have been conducted to look at how pain effects stress levels.
A recent study published by Femandez-Guasti et al.(2005)showed that mild doses of
pain can produce an anxiol> tic effect, demonstrated by increased tail-flick latency and
decreased cumulative bury ing behavior in rats. A pilot study in our lab showed similar
findings, with inflammatory pain causing a decrease in dVocs in domestic fowl chicks,
which is indicative of a less stressed state. The present study attempted to clarify the role
of pain as a possible anxiolytic by integrating four graded doses ofcarrageenan as the
inflammatory agent and measuring not only total dVocs over 180 sec, but also latency to
vocalize and body temperature. It was projected that our lab’s dVoc measure may not be
the best tool for measuring stress when both pain and stress are involved because ofa
possible competing response between pain and stress in dVoc output. It has been shown
in many studies that hyperthermia is induced by a variety of stressful stimuli, and
therefore measuring body temperature would yield a less variable, internal measure of
stress that could be used to determine the relationship between stress and pain
(Bouwknecht et al. 2007).
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During the separation stress test procedure, rv\o dependent measures were taken:
latency to vocalize and total dVocs. For dVoc latency, non-isolated subjects had
significantly longer latencies across all carrageenan concentrations. This is a new
measure that our lab has been collecting that has not been systematically described in
prev ious research. How e\ er, from other ongoing studies in our lab, we have inferred
dVoc latency in isolated chicks to reflect a measure of panic, with longer latencies
corresponding w ith greater levels panic. In addition, dVoc latency interpretations do not
apply to non-isolated chicks, as they tend not to vocalize much at all. Ifthis h>T)othesis is
correct, the present results suggest that the isolated chicks under the lowest carrageenan
concentration, which have longer dVoc latencies than the other inflamed chicks, are
experiencing more panic than the other inflamed chicks. However,this interpretation is
inconsistent with the results from the isolated and mildly inflamed group’s body
temperature data (see below). Further studies looking at the dVoc latency measure must
be done in order to make any conclusions on these results.
In the measure of total dVocs over the 180-s session, non-isolated subjects had
significantly less total dVocs across all carrageensm concentrations. These findings are
consistent with data from other studies employing this chick separation stress test, giving
evidence that the non-isolated chicks were under less stress than the isolated chicks
(Warnick et al. 2006, Feltenstein & Sufka 2005, Feltenstein et al. 2004). In looking at
the carrageenan doses, there was no significant effect across concentrations on total
dVocs. These findings are inconsistent with Vance’s(2006)results, in which the 0.25 %
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carrageenan concentration in isolated chicks produced a significant decrease in total
dVocs compared with the 0

carrageenan concentration in isolated chicks. This

difference could be due to an age difterence amongst the subjects, with Vance’s chicks
tested on post-hatch dav 6 and the present study's chicks tested on both day 6 and 7. In
addition, it appears that the dVocs do, in fact, show a similar trend as Vance’s, but the
base rate of vocalization is much lower, w'hich could account for its lack ofsignificance.
Body temperature measures were taken directly after the separation stress
procedure. In general carrageenan did not affect body temperature in the non-isolated
chicks. These chicks had a lower core body temperature compared with isolated chicks
across carrageenan doses, except for when compared with the 0.125 % carrageenan
concentration isolated group. This group showed a significant decrease in core body
temperature compared with the 0% carrageenan concentration isolated group, which is
indicative of a hy pothermic response. In contrast, it appears that isolation in the 5%
carrageenan group caused a significant increase in body temperature, or a hyperthermic
response. Body temperature is a significant biomarker for stress, with more stressful
conditions producing an increase in core body temperature (Bouwknecht 2007, Sufka&
Weed 1994, Sufka et al. 1994, Sutka & Hughes 1991). The body temperature results in
the present study suggest that carrageenan had a bi-directional effect on body
temperature, w here under higher concentrations gave a hyperthermic response and lower
concentrations gave a hypothermic response. In this case, it seems that low amounts of
pain facilitate an anxiolytic effect, whereas higher amounts exacerbate stress levels.
While the effects of pain and stress together on body temperature have not been
19

examined in any prc\ ions studies to date, these findings are consistent with Vance(2006)
and Femandez-Cjuasti ct al. (2005). Both of those studies found that mild pain acted as
anxiolytic, which is also seen here with pain somehow attenuating stress-induced
hyperthermia.
Pain was measured by foot withdrawal latency and edema. For foot withdrawal
latency, the stress manipulation only produced a significant effect in the 0% carrageenan
group, in which the non-isolated group showed a significant increase in foot withdrawal
latency compared w ith isolated group. This indicates that the non-isolated, no pain
chicks were experiencing an analgesic response characteristic of SIA,even though they
were not in pain and not isolated during the stress test. Since the non-isolated chicks
should have been in less stress than the isolated chicks at all carageenan concentrations,
these findings are inconsistent with previous findings of SIA. However, it is likely that
the isolated chicks became habituated to the multiple stressors ofinflammation, isolation,
body temperature measure, and thermal stimulus that abated SIA. As for the increased
foot withdrawal latency in the non-infiammed, non-isolated chicks, it could be that this
group became acutely stressed after the body temperature measure, causing them to
experience SIA. A consistent explanation has been presented by King et al.(2003), who
showed that acute stress diminishes reflex response to pain stimulation, while enhancing
voluntary operant response to the same stimuli, suggesting that stress-induced
hyporeftexia can compete with the hyperalgesic response. This would implicate that the
non-isolated no pain animals may be suffering the stress-induced hyporeflexia, which
could falsely appear as SIA. As for carrageenan concentration effect on foot withdrawal
20

latency, all doses y.a\e a significant decrease in foot withdrawal latency for both non
isolated and isolated chicks compared with the 0 % non-isolated group. These findings

t
that the animals w ith carrageenan were experiencing inflammatory pain that caused a
hyperalgesic response is consistent w ith previous research (Roach & Sufka 2003).
I he edema scores indicate that both the non-isolated and isolated chicks
experienced a robust intlarnmatorv etTect at the 0.25 % and 0.5% carrageenan doses.
These findings are consistent w ith previous research that increases in inflammatory drug
concentration causes an increase in edema, simulating more pain intensity(Roach &
Sufka 2003).
rhe present study supports the notion that mild persistent pain states affect the
organism in a way that seems to reduce behavioral and or biological measures of stress.
This has been exhibited by Femandez-Guasti et al. study(2005) with rats in the EPM and
bury ing behavior test, as well as by our lab with Vance’s(2006)dVoc measures and the
present study’s body temperature results. From this study, this phenomenon does not
seem to be the case with more intense stimuli, where more intense pain gives more stress.
Perhaps a reason for this is that the body has an innate warning device that will go off in
response to various stressors such as pain, isolation, and the like. In addition it could be
true that the body only has a set amount of resources to attend to these various stressors.
In this case, mild pain could override other less threatening stressors and cause the
organism to allocate its resources to the pain stimuli and overlook other external stressful
stimuli such as anxiety from social separation. This could explain how isolated chicks
with mild amounts ot pain have a reduced body temperature compared to their isolated
21

conspecifics. because ihe> are pa\ ing arteniion to the mild pain over the isolation.
However, with increased pain le\els, the organism's attentional mechanisms are focused
outward to their cn\ ironinent, gi\ ing increased stress under isolation. This would
explain wh\ the administration ofan anti-intlammator>'drug reversed the anxiolytic
effect of mild pain in the I PM in Fernandez-Guasti et al.(2005). The rats were shifting
their attention from their pain state to their stress state. Therefore, the evidence from
these recent studies support the notion that mild pain does not actually act as an
anxiolytic, but instead it ser\ es as a distracter until it becomes too intense and the
organism has to turn its resources outward.
The results of this experiment prompt several questions to be addressed in future
studies. If it is true that mild pain serves as a distracter to other external stimuli, it would
be likely that the organism would have a decreased performance on an attentional task
when in pain. To test this theory one could employ a study using an operant test for
attention while an organism is experiencing varying levels of pain. Mild doses of pain
would yield a decreased perfonuance on attentional tasks than greater doses. These
hypotheses have remained to be determined, and more studies must be conducted in the
future to provide further support.
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FIGURE CAPTIONS
Figure 1
Fhe effects of separation stress and carrageenan concentration on distress vocalization
latency (panel a) and total disti'ess vocalizations (panel b). Open bars represent groups
tested under mirror condition, and shaded bars represent groups tested under isolated
condition. Data points represent mean + S.E.M. Sample sizes were n=l0-12. On both
measures there was significant isolation effect but not a significant carrageenan
concentration effect (P<0.05).

Figure 2
The effects of separation stress and carrageenan concentration on core body temperature.
Open bars represent groups tested under the mirror condition, and shaded bars represent
groups tested under the isolated condition. Data points represent mean + S.E.M. Sample
sizes were n=6. * = significant hyperthermia relative to non-isolated group under 0.0%
can-ageenan concenti'ation.

= significant hypothemiia relative to isolated group under

the 0.0% carrageenan concentration.

Figure 3
The eifects of separation stress and carrageenan concentration on foot w ithdrawal latency
(panel a) and edema (panel b). Open bars represent groups tested under mirror condition,
and shaded bars represent groups tested under isolated condition. Data points represent
mean ± S.E.M. Sample sizes were n=6-12. *- significant
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